The exterior wall, essential to the envelope structure of Huizhou residential buildings, enjoys a unique ability to adapt to the local environment and climate. However, there is a lack of experiments and quantitative data on the thermal performance of exterior wall materials, owing to the complexity in the current situation of Huizhou residential buildings. Therefore, the purpose of this study is to explore the physical properties and energy transfer features of the exterior walls of Huizhou residential buildings. Specifically, the thermal performances of four types of walls of Huizhou residential buildings, with different materials and structures, were compared through field survey, field test and lab test. The principal conclusion is that the heat transfer coefficients of the four types of walls, namely, the traditional rowlock cavity wall made from black bricks and yellow mud, the new rowlock cavity wall with cement bricks, the new composite wall of Hongcun Village, and the solid wall of self-built houses in Jicun Village, were respectively, 1.892 W/m 2 •K, 2.821 W/m 2 •K, 2.024 W/m 2 •K and 3.588 W/m 2 •K; the traditional rowlock cavity wall made from black bricks and yellow mud boasted the best thermal performance. The research findings lay the basis for the development of ecofriendly walls that adapt to the local climatic environment.
INTRODUCTION
The Huizhou traditional residential buildings in the south of Anhui Province occupy an important position in the history of Chinese residences due to their unique history, culture and geographical location etc. As a representative of traditional Chinese residence, Huizhou residential buildings have attracted the attention of experts and scholars since ancient times. Some of them have mainly studied their unique economic and cultural characteristics, and others focus more on the ecological significance [1] [2] [3] [4] . With the development of modern society, Huizhou people have built a variety of new colourful and featured residential forms. As the sustainable development strategies such as rural revitalization and beautiful villages are proposed, architects in the construction of new villages in Huizhou have been paying more attention to the issue of ecological energy conservation in residential buildings while focusing on their historical and cultural factors.
At present, there have been fruitful research on the cultural characteristics of Huizhou residential buildings. Zhao, Shide et al. studied the influence of cultural environment on the inheritance of the Huizhou three carvings (stone, wood and brick carvings) [5] . Regarding the ecological energy conservation in Huizhou residential buildings, Zhijia Huang analysed the causes of natural ventilation in Huizhou residential buildings in summer, and indoor humidity environment [6] [7] . Lin Borong et al. explored the importance of sun-shading and heat preservation among the four typical factors forming the summer thermal environment in Huizhou residential buildings, and discussed the evaluation criteria under natural ventilation [8] . Li, Shang-Lin et al. studied an automatic modelling method based on constructive grammar for building Chinese Huizhou traditional vernacular houses, embodying the eco-type of construction [9] . The results of literature search show that the current research on climate adaptability in Huizhou residential buildings has been focused on indoor environment and temperature and humidity testing, but lacking a quantitative analysis on the climate adaptability and thermal performance of walls [10] [11] [12] , which requires more experimental research and experimental data on the envelop structure such as walls etc. At the same time, there are mature experience in the research of the wall thermal performance which is worth learning [13] [14] [15] [16] .
In view of this above, the paper analyses the physical properties and structural forms of building materials in Huizhou residential buildings in detail, and tested the thermal performance of four commonly used types of walls. Then, based on the test data, it compares the different thermal performance of the walls adaptable to the climatic environment of Huizhou residential buildings, and analyses the influence of wall materials and construction methods on the thermal performance of the wall. This shall lay a basis for the application of new types of wall in the renewal and protection of Huizhou residential building.
BUILDING MATERIALS AND THEIR PHYSICAL PROPERTIES
In the Huizhou residential buildings, blocks are mostly used as wall materials. Through field survey, the four most commonly used types of blocks (cement bricks, clay bricks, cement hollow bricks, concrete solid bricks) were selected and tested in terms of their physical properties, namely, bulk density, water absorption rate, thermal conductivity, etc. The raw materials and processing techniques of these four blocks were described as follows:
Cement brick
It's a new-type wall material manufactured by pressure moulding using the fly ash, coal slag, coal gangue, tailings slag, chemical slag or natural sand (one or several of these raw materials) as main raw materials, and cement as a coagulant.
Clay brick
Clay brick is made of clay (incl. shale, coal gangue etc.). It's processed by mud, moulded, dried and calcined [17] . As one of the oldest building materials in the world, the clay bricks used in the Huizhou traditional residential buildings are commonly known as black bricks, because the adobe is cooled by water during the firing process, making the Fe3O4 in the clay appear black in the incomplete oxidation state.
Cement hollow brick
Cement hollow bricks are formed by moulding, demoulding and curing in a special mould. It's different from cement bricks only in moulding and demoulding, but there is no significant difference between them in terms of microstructure of the hardened cement slurry and the coarse aggregate.
Concrete solid brick
Concrete solid bricks consist of cements (cementitious materials), sand and stone (aggregates). After mixing them with water in a certain ratio, it is formed by stirring, moulding, and curing. The coarse aggregate (stone) of this brick has a rather large particle size, so the pores are relatively large, and mostly enclosed. 
Experimental results
Due to different physical properties of the materials and the different processing techniques, the physical properties of different bricks are significantly different. The physical parameters such as bulk density, water absorption rate and thermal conductivity of the material were tested in the laboratory. The specific values are as follows: 
WALL CONSTRUCTION PRACTICES
The wall of Huizhou residential buildings mainly adopts the way of block masonry. According to the field survey, four typical types of walls in Huizhou residential buildings were selected as test objects. Their materials and construction methods were introduced in this section.
Traditional rowlock cavity wall made from black bricks and yellow mud
The traditional rowlock cavity wall made from black bricks and yellow mud (Type I) is a commonly used construction method in Huizhou traditional residential buildings. To be specific, the clay bricks are laid on ends to form a cavity and then filled with yellow mud slurry; in order to strengthen the integrity of the wall, the stretcher bonds are made up and down, and one end of the header bond is clamped by two stretchers on one side of the rowlock wall, while the other end is at the midpoint of the stretcher on the other side of the rowlock wall [13] (Figure 1 ).
New rowlock cavity wall with cement bricks
Cement bricks are used more in the newly built Huizhou residential buildings. The wall tested in the field is build using the new rowlock cavity wall with cement bricks (Type II): the cement bricks are laid on ends, and bonded up and down; one header bond is clamped between the two stretchers, and the header bonds pass through the wall, leaving a cavity in the middle of the stretcher bond (Figure 2 ).
New composite wall with cement hollow brick
A comprehensive real estate project using the new composite wall with cement hollow brick (Type III) was selected as the test object. Specific practices include: 240mm cement porous brick from the inside to the outside, interface mortar, 40mm thick rubber powder polystyrene slurry for external insulation, anti-crack mortar composite alkaliresistant fibreglass mesh, elastic prime coats, flexible putty, and high-grade exterior wall paint (Figure 3) . 
Solid wall of self-built houses in Jicun Village
The fourth type of wall tested was a self-built house by the farmer using solid concrete bricks (Type IV). Specifically, the block and cross bond was adopted in actual practice (Figure 4 ).
THERMAL TEST

Test formula
The thermal resistance value R is calculated as [19] : qj -the jth measured value of heat flux density (W/m 2 ). The calculation formula used for the heat transfer coefficient K is:
where: K -heat transfer coefficient of the envelope structure (W/m 2 •K); Ri -internal surface heat transfer resistance in accordance with the provisions of 
Test conditions
The test was performed according to the Energy Efficiency Test Standard for Residential Buildings (JGJ/T132-2009) [20] using the heat flow meter method [21] [22] . The Agilent 34970A data acquisition instrument was used to collect data. Considering that it's a heavy-type envelop structure, the test lasted for 96 hours after the test system is stabilized. Data analysis uses the arithmetic mean method. During the test, the outdoor air temperature was between -4.7 °C and 14.5 °C, which was a typical winter climate. Three surface temperature test points were set inside and outside the middle of the tested wall, and the average was taken to reduce the error. Two heat sinks were placed in the middle. In order to increase the temperature difference between the internal and external surface temperatures, the inner side was heated by a hot box, and the temperature was set to 35 °C. The sampling interval was 1 hour [23] . Figure 6 shows that in the test of Type I, the internal surface temperature of the wall is between 25.7 °C and 27.9 °C, which is relatively stable; and the external surface temperature of the wall is between 2.3 °C and 13.0 °C changing with the air temperature; mainly affected by the weather changes the heat flow fluctuates between 39.0 W/m 2 -63.5 W/m 2 . It's calculated that the average thermal resistance R of this traditional wall is 0.379 m 2 •K/W, and the average heat transfer coefficient K of the wall is 1.892 W/m 2 •K. Figure 7 shows that in the test of Type II, the internal surface temperature of the wall is between 23.1 °C and 26.1°C, which is relatively stable; and the external surface temperature of the wall was between 4.2 °C and 13.3°C changing with the air temperature; mainly affected by the weather changes, the heat flow fluctuates between 63.1 W/m 2 -91.0 W/m 2 . It's calculated that the average thermal resistance R of this wall is 0.205 m 2 •K/W, and the average heat transfer coefficient K of the wall is 2.821 W/m 2 •K. Figure 8 shows that in the test of Type III, the internal surface temperature of the wall is between 27.5 °C and 28.4 °C, which is relatively stable; while the external surface temperature of the wall was between 8. Figure 9 shows that in the test of Type IV, the internal surface temperature of the wall was between 21.4 °C and 23.2 °C, which is relatively stable and the external surface temperature was between 9.4 °C and 13.7 °C, varying with the air temperature; the heat flow varies more obviously, mainly (4) For Type IV, the thermal conductivity coefficient of concrete solid bricks is 1.62 W/(m•K), the average thermal resistance R of the wall is 0.129 m 2 •K/W, and the average heat transfer coefficient K is 3.588 W/m 2 •K; (5) The error between the calculated thermal resistance R and the heat transfer coefficient K of the wall is not more than 5%, in line with the Energy Efficiency Test Standard for Residential Buildings (JGJ/T132-2009). It can be seen from Figure 10 , Figure 11 and Table 5 that among the four types of walls, the Type I has the lowest heat transfer coefficient K and the best thermal insulation performance; the Type IV has the highest thermal coefficient K and the worst thermal insulation performance.
Test analysis
There are many factors affecting the thermal performance of the wall, namely, the choice of materials, the way of masonry, and the different constructions, which all affect the thermal performance of the wall to varying degrees. Therefore, in the design, it is necessary to comprehensively consider various factors, and enhance the thermal insulation performance of the wall for improving the living environment, reducing the building energy consumption, and achieving the goal of ecological energy conservation. This is also the significance of this study.
